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FOREWORD

The investigation of flow separator effects on the
FD-2 model was conducted under NASA Apollo
‘ Contract NAS9-150 24 and 25 September 1962 in the
Langley Unitary Plan Wind Tunnel low Mach leg.

This report was prepared by C., E. Mitchell and
C. L. Berthold of the Wind Tunnel Projects Group,

Los Angeles Division of North American Aviation,
Inc.
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ABSTRACT

Dynamic stability data are presented in both tabu-
lar and plotted form for the current launch escape
configuration with flow separator disc on and off and
with the oscillation center on the design center of
gravity, Additional data are presented for the
command module reentry configuration with four
different oscillation centers, All investigations
were made at angles of attack near proposed flight
attitudes in the Mach number range of 1,60 to 2,75,
Tunnel operating conditions, configuration descrip-
tion, computation equations, and tabular data key
are also presented.

This report presents basic wind tunnel data only
in order to make the test results available at the
earliest possible date, Analysis of results will be
reported in a separate publication,
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I. INTRODUCTION

Dynamic stability tests were conducted on the 0. 055-scale Apollo
FD-2 model in the Langley Unitary Plan Wind Tunnel (low Mach leg) 24 and
25 September 1962. This investigation was made to determine dynamic
stability parameters for the command module reentry configuration with
different oscillation centers and for a more current launch and configuration
(116-inch tower and 280-inch rocket) than used during the previous series
of tests.

The launch escape configurations, which were tested at Mach numbers
1.80, 2.16, 2.50, and 2, 75, included flow separator disc on and off with the
oscillation center on the design center of gravity of the full-scale vehicle,
Since the command module reentry configuration had not changed, it was
tested only at Mach 1. 60 and 2. 16 with four different oscillation centers.
These data make it possible to conduct an investigation of a2 method for trans-
ferring dynamic coefficients to any desired center-of-gravity location,
Spacers were used at the attach point of the model and the balance to obtain

the oscillation centers.

Reynolds numbers based on maximum model diameter, were
2.45 x 100 to 3.67 x 10°,  All dynamic stability derivatives were-measured
during forced oscillation of the model in pitch with an amplitude of approxi-
mately 2 degrees about the oscillation center. The launch escape configura-
tions were run at nominal angles of attack from +2 to -18 degrees, and the
command module was run at angles of attack from 140 to 162 degrees.

SID 63-96
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II. DISCUSSION

The dynamic stability test was performed primarily to evaluate
dynamic stability characteristics of the current launch escape vehicle (LEV)
in the low supersonic speed range. In previous tests at these Mach numbers,
physical limitations imposed by the size of the model and the dynamic
balance made it impossible to locate the oscillation center ideally on the
design center of gravity of the full-scale vehicle. On the current LEV model,
the commend module apex was modified within the confines of the tower legs
to allow positioning of the balance oscillation center on the design center of
gravity. Investigations were made with flow separator disc both on and
off (configurations Eg5,T,1C19 and E5)T51Cq9).

Several techniques are currently available for measuring dynamic
stability derivatives of models in wind tunnels. This test was performed
utilizing what has been termed the inexorable method in which the model is
mechanically forced to oscillate about a fixed angle of attack in a single

‘ degree of freedom at a known angular frequency and amplitude (+2 degrees)
while measurements are made of the moment required to sustain the motion,
A more complete description of the apparatus and methods used can be found
in References 1 and 4.

The tabular and plotted data are presented in Appendixes A and B in
NASA standard coefficient form referred to the body system of axes originat-
ing at the oscillation center. Dynamic stability parameters are utilized to
indicate aerodynamic dampingsin-pitch (Cp, 4, + Gy 4) and oscillatory
longitudinal stability (Cmg - k Cmgl) for tests with oscillations in pitch for
the reentry and launch escape configurations. The plotted data presents
these parameters as a function of angle of attack.

-2- ~AONETERAE

SID 63-96



//\
NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

ill. MODEL DESCRIPTION

To reduce moment-of-inertia effects, the test models were constructed
of lightweight materials consistent with the structural integrity as established
in Reference 5. The command modules were constructed of aluminum alloy
(7075-T6), the escape tower of Armco steel (17-4PH SST), and the escape
rocket of magnesium (QQ-M-31). All configurations were aerodynamically
smooth. Model assembly drawings are presented in Figures 1 and 2.

The apex of the command module for the LEV configurations was
modified within the confines of the tower legs to allow the oscillation center
of the balance to be positioned on the design center of gravity of the full-
scale vehicle. The E52T21C19 configuration is shown in Figure 3, Figure
4 shows the model with the flow separator disc on, and Figure 5 shows the
model with the flow separator disc off,

The outward shape of the command module reentry configuration
’ had not been changed from previous tests, but 0. 50-inch, 1. 00-inch, and
1. 75-inch spacers were used at the attach point of the model and balance to
allow testing at four oscillation centers, all of which were displaced from
the design center of gravity because of space limitations (Figure 6).

To allow pitching through angles of attack near proposed flight attitudes,
the models were constructed so that the command module axis of symmetry
and balance centerline formed an angle of 30 degrees for the reentry con-
figuration and 8 degrees for the LEV.

MODEL NOMENCLATURE

Model nomenclature used during this investigation is presented in the
following tabulation.

Symbol Description Drawing No, Figure No,
]

Egq Escape motor. Length = 279,65 in., 36 55' flared skirt, 7121-01072-4,-11 7

Ego Escape motor. Length = 279, 65 in,, 36° 55' flared skirt with 7121-01072-4, 7
65-in, diameter flow separator disc and fairing from disc -6, -11
to skirt,

Toq Tower Structure, Length = 116, 1 in, 7121-01072-9 8

' C Command module. Maximum diameter = 154, 0 in, 7121-01059 9

C19 Command module. Maximum diameter = 154, 0 in, 7121-01072-3, 10

Apex altered to position balance correctly, -5,-1

-3 DONRARAEAT
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FULL-SCALE DIMENSIONS

The full-scale dimensions of the test components are presented in the

following listing.
Escape Rocket, E51

Total length

Diameter

Nose radius

Nose included angle

Skirt base diameter

Skirt flare angle

Diameter of ring forward of skirt

Escape Rocket, Egp

Same as Eg| with flow separator disc
located 19, 16 in., from base of rocket
motor and a fairing extending from aft
end of disc to flared skirt.

Flow separator disc diameter
Flow separator disc thickness
Fairing diameter

Tower, TZI

Total length

Diameter of longitudinal members (4 members)
Diameter of cross braces

Diameter of diagonal braces

Distance between attachment points

Command Module, C

Maximum diameter

Radius of spherical blunt end
Corner radius

Nose cone semiangle

Nose cone vertex radius
Frontal area

SID 63-96

279.
26.

30.
54.

36.
28.

65.

51.

116,

50.

154,
184,

33.
15.

129.

65 in.
00 in.

.00 in,

00 deg
60 in.
92 deg
87 in.

00 in.

. 00 in.

08 in.

10 in.

.40 in,
.49 in,
.49 in.

18 in,

00 in.
80 in.

. 58 in.

00 deg
40 in,
35 ft2
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Command Module, C19

Same as C except apex was modified
within the confines of the tower legs to
allow the oscillation center of the balance
to be positioned on the design center of
gravity of the full-scale vehicle.

-5 - “ConmemERar
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Launch Escape Vehicle Configuration With Flow Separator Disc

Figure 4.
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Figure 5. Launch Escape Vehicle Configuration Without Flow Separator Disc
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Figure 6. Command Module Reentry Configuration
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IV. TEST PROCEDURE

TEST NOMENCLATURE

A Maximum cross-sectional area, ftz, -17}!1
] Maximum body diameter, ft
o) Free-stream static pressure, 1b/ ft2
e Free-stream dynamic pressure, lb/ft2
a Angle of attack of model centerline, deg or radians
a Rate of change of angle of attack, radians/sec
v Free-stream velocity, ft/sec
‘ M Mach number
) Angular frequency of oscillation, radians/sec
k Reduced frequency parameter, wVZ
R Reynolds number based on £
q Angular velocity in pitch, radians/sec
q Rate of change of pitching angular velocity, radians/sec2
I Moment of inertia, slug-ftz
Cm Pitching moment coefficient, pitching moment
de Al
Cmq+ Cm‘.x Damping-in-pitch parameter, per radian
Cma - kZCrn(:1 Oscillatory longitudinal stability parameter, per radian

- 16- “BONFIDENTIL
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MODEL INSTALLATION

The FD-2 model was installed on the NASA 1600 in, -1b dynamic
balance that was mounted on a straight sting containing the oscillating
mechanism, The drive motor, clutch resolvers, and frequency generator
were all contained in the downstream end of the sting, which was stiffened
to provide a resonant frequency above the maximum oscillating frequency
of the model, The oscillating mechanism was designed to provide maximum
stiffness of all drive linkages so that the model responded only to the
essentially sinusoidal forcing input of the crank and Scotch yoke,

The models were mounted so that the sting centerline and the command
module axis of symmetry formed a 30-degree angle for the reentry config-
uration to allow testing through angles of attack of 138 to 162 degrees and
an 8-degree angle for the launch escape configuration to allow testing through
angles of attack of -18 to +4 degrees. The Unitary Plan Tunnel basic sting-
type support system, which is mounted on a horizontal strut extending from
wall to wall, was fitted with a special knuckle to allow pitching of the model
in the vertical plane.

INSTRUMENTATION

The NASA 1600 in, -1b dynamic pitch balance was used to measure the
moment and displacement functions as the model was mechanically forced
to oscillate in a single degree of freedom.,

In operation of the system, calibrated outputs of the moment and dis-
placement strain gages are passed through coupled electrical sine-cosine
resolvers that rotate at the frequency of oscillation, The resolvers
transformed the outputs into orthogonal components from which the resultant
applied moment and displacement and the phase angle between them were
found. With the known oscillation frequency, the aerodynamic damping and
oscillatory stability moments were computed,

All data were computed on a remotely located IBM 7090 computer,

FLOW VISUALIZATION STUDIES ,

A limited number of Schlieren photographs and motion pictures were
made during this test. Motion pictures are available for both LEV config-
urations (flow separator disc on and off) at Mach numbers 1,80 and 2,50 in
the angle-of-attack range of 0 to -8 degrees, Schlieren photographs of the
LEV configurations taken at Mach numbers 1,80, 2,50 and 2,75 are presented
in Figures 11, 12, and 13, Typical Schlieren photographs of the command

‘ module entry configuration at Mach number 1, 60 are presented in Figure 14,
These Schlieren photographs were taken at set angles of attack without
model oscillation,

- “OOMRRENFAL
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DATA REDUCTION AND CONSTANTS
The equations used in reducing the data are as follows:
System damping moment in. -1b/rad/sec (C)
Caero = Crun - Ctare: where Ci,.o = constant
System spring constant, in. -1b/rad (K)

2 _ 2 2
(K - Io%hero = (K- TI0%)y, - (K- Te tare

vC
Comn +Cpy. = - ___E}_e_ro_z
q a 12 g A2
2
(K -Iw
Cm _ kzcm - )aero
a 4 12 g Al
Where
k= 2f
® v
2
de = 0.7Tp M
_ stagnation pressure
P 2, 3.5
(1 + 0.2M7) -
] M
= (49. 0236) VTt ; Tt = tunnel total temperature, R
(1 +0,2M2) 1/2
. lb-sec
Reynolds number = m,’ @ = viscosity, ———
Y ft2

The following were constants for the test:

2 0. 7058 ft

A

0.3912 £t
DATA ACCURACY

The estimated probable errors of the aerodynamic test conditions for
this test are as follows:

+£0, 0001 radians
+0. 005

+0, 005 x 106
+0. 2 degrees

@
RIZI*
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The ability of the forced oscillation equipment and instrumentation
used in these tests to measure accurately the system damping and stability

moments is discussed in Reference 4, These accuracies in measuring

applied moments, based on repeatability in measuring the wind-off or tare
moments of the model and mechanical system, give the following probable

coefficient accuracies when translated to coefficient form using the dimen-
sions of the 0. 055-scale Apollo models,

Cmq + Cmyg, +0, 06

Crmg * kzcm(.1 +0, 03

All data in this report have been presented, as transmitted from NASA,
in a form uncorrected for tunnel flow angularity, Angularity corrections for
each Mach number are shown in Appendix B,

- 19 TOONHDEN-
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DISC OFF DISC ON
a = -6 DEGREES

DISC OFF DISC ON
a = +2 DEGREES

DISC OFF DISC ON
a =0 DEGREES

Figure 13, Typical Schlieren Photographs of the LEV at
M = 1,80 and R = 3,76 x 100
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DISC ON
@ = -6 DEGREES

DISC OFF DISC ON
a = -2 DEGREES

DISC OFF DISC ON
a =0 DEGREES

Figure 12, Typical Schlieren Photographs of the LEV
at M= 2,50 and R = 2,91 x 100
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DISC OFF DISC ON
a = -6 DEGREES

DISC OFF DISC ON
a =-2 DEGREES

DISC OFF DISC ON
a =0 DEGREES

Figure 11. Typical Schlieren Photographs of the LEV
M=2,75and R = 2,77 x 106
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COMSRSR-Fm—
®

Item or
Column Heading

Data Format

Definition

Config

Velocity

Theta

Disp
Beta

Alpha

CMQ

CMA

Configuration No.
90002 - C, no spacer
90003 - C, 0.50-inch spacer
90004 - C, 1.00-inch spacer
90005 - C, 1.75-inch spacer
90010 - E51T21C19
90011 - E52T21C19

Free-stream velocity, ft/sec
Free-stream dynamic pressure, lb/ft2

Reynolds number x 10-6 based on a
reference length of 0. 706 ft

Phase angle between driving torque
and model displacement, deg

Amplitude of oscillation, radians
Angle of sideslip, deg

Angle of attack, deg

£

Reduced frequency parameter, —“’V—

Damping-in-pitch parameter per

radian, Cmq + Cm&

Oscillatory longitudinal stability
parameter per radian, Cma- 1<2C1mc'1
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CONPENNE—

To expedite transmittal, the data have not been corrected for flow
angularity in the tunnel test section. The flow angularity, GF, as determined
from measurements on symmetrical bodies located in the center of the test
section is as follows:

Mach No. O (deg)
1. 60 +0. 47
1.80 +0. 63
2.16 +1. 48
2.50 +1. 09
2.75 +0. 31

The correction should be added algebraically to the tabulated and plotted
value of angle of attack.

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

-900°
120°
Lio*

-¢00°

-900°

-610°

-120°

~060°*

-5.0°

-Z80°

-1.0°

-180°

-910°

-h90°

-h60*

-Ln0°*
VW)

-620°
-Lto*®
-600°
-010°
-900°
~-1¢0°
-920°
~-180°
-610°
-080°
-6¢0°
VW)

C

-1c¢°
-0cltL*
-680°
-9titL®
-20¢°
-GZ2¢*
(4.2
-h00°
G6¢C°
608°
509°
0o¢c-*
gll”
PR (Ve
®00°
9¢0°
OWJ

3°930
14°0S
*13

A 1
=266 °
-6G6G°
-8he*
-890°
-ght*
hi0*
920°
-6h0°
8G0°
-861°
DWI

*4°030
*14°0S
*id

6820° g0 hhi
£920° 50°8¢l
9L20° 00°0nl
0620° g0°Znhlt
1620° 00°hhi
10£0° 50°9ul
higo® 00°8hl
Y430 00°0S1
oneo* 50°961
hheod® 00°291
ongo* 00°091L
Sheo® 50°86l1
Lhe0* 00°961
heed*® 50°hsSl1
92¢0° 00°¢sl
22eo” G0°0S1
A VHd v

00°
00°
00°
00°
00°
00°
00°
00°

vi3g

YAl 3¥NIVY3dW3L V101
L6 *® v3YV 3IN3¥3I33d
90L° HLI9ON3T 3ON3JY3d43Y

8L¢0° 00°061
16¢0° 00°nnl
lneo* 00°htl
Lhe0” S0°9hl
g5¢e0° 00°8nl
8Le0° 50°061
LLho* 00°86Gl1
ZLno* 50°*9s1
LLho* G0°nGl
cLno° 00°2st
8L20° G005t
b VHdV

0c*
-00°
-00°
-00°
-00°
00°
00°
00°
00°
00°
00°

vi38

sclt 3¥NIVYE3dW3l TvL0L

L6g* v3yv 3ION3IYu3d43Y
90L" H1ON3T 33N3¥343d

9G£0° 8l hl G¢s°¢
96¢0° 00°00L G¢G°¢
9G6e0° B6°h8 G¢G°¢
95£0° 90°Lct nds*¢
SGf0° hg*col  L25°¢
Sse0° 66°L6 Gés*¢
GGEO” 9L*h9Z hwis°?
5Ge0° Lhelel nese
LET RN Gg*g9c 6¢s°¢
hGEOD”® Bnh°69Z¢ G2S°¢
LT £8°2LZ G¢s°¢
nGz0° 0L°hne B8CSG°C
LRSI 99°hGZ 1Z2G°¢
hGe0”® L6°s81L 825°¢
hGEO*® c9°6¢t  126°¢
hGeO0° 09°Sll 626°¢
*dS1d Vi3HI1 d
0°Zh8L ALIDJDTI3A
09t°Z °ON HIVA
¢000¢ 514N0DD
hGEO® og°Lol  &nh°e
LT L6°68 oGgh°¢
£Ge0° £0°n8 osh°¢
hGeQ® S6°1L 0sh*¢
£GE0° G1*0Gl 0Gh°¢
gGEO* 60°61LL 0Gh°¢
LT 96°66L 6nh°C
hGe0°® 00°g9l 0Gn°¢
hGg0° Lr121 ¢ZGh°¢
LT 6L°ste t6n°¢c
hGe0° £L°¢0l 0Sn°¢
*dS13 Vi3Hl d
g*Zhst ALIDOI3A
009°L °*ON HOVA
20006 914NOD

t

9°s8L  S&
9°58L  hE
n°s8L ¢
z°s8L 2
L*982  1g
€58,  0f
£°58L 62
2°s8L 8
5°58L 12
S°S8L 92
9°58L S
£°98L  nZ
2°98L 2
n°98L 2z
£°98L 12
L°98L 92

) IN10d
29-nZ-60

LSL 1MdN 1V 365 1
8*68L S
6°68L 1S
0°06L  8n
0°062  n
0°06L  9m
8°68L SN
L°68L  Zn
0°C6L  Ln
L°06L  On
2°06L  6F
L=06s 8%

3 INIOd

29-nZ~67

t

NTY
S3t

N

1SL 1MdY LV 86¢ 1S3l

[Te}
!

M

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

ci0*
fnso*
3t0°
ngo0°
R1O*
-100°*
-ZolL-*
-h80°
-990°
-GG0°*
-gnd*
-2¢0-*
-000°
YWD

-610°
hG0°
2e0°

-9210°

~-8G0°

-£90°

-Gl0°

-1G0°

-020°
VW)

-915*
-o9n*
-064°
~-Zhh*
-2l
-69¢°
216"
-gtee
-8£Z°
-4€2°
-.01°
-962°
~-the”
DWI

*4°934
*14°0S

*1d

gen’
-299°
-£9G°
hhh
AN
oLs*
6L9°
9eh”
18G°
DWO

*4°930
*14°DS
.hu

6610° Go°*CHhl
L120° sg°ent
2zeos SO0°nhl
5gco* Go0*9nl
gnZo* so°8hl
09c20° 00°0slL
G2¢e0° 00°29l
glLego* G0°09t
¢620° 50°8S1L
9620° 00°96G1
16¢0° G0*hsl
T XA 50°¢sl1
6G620° 00°06G1
b VHd 1V

00°
00°
00°
00°
00°
00°
00°*
vi3g

¢t 3dN1vd3ddnNdl V101
L6g*® v3dv 3ON3IY3d3IN
90L° H19N3T 3ON3¥3d43Y

T AN A G0°0sl
6820° 00°nnl
£g8eo’ 00°9ti
1420° 00°9s1
9G6g0° 0G6°¢sl
09€0° 00°2sl
69¢0° G0°86l1
55¢0° 00°nsl
r AN 00°0st
3 VHd 1V

00°
-00°
-00°
00°
00°
00°
00°
00~
00°
vi3e

YA JYNnividdw3l V1OL
Leg* v3Yyv 3ONIYIJ43Y
90L° H1IN3T 3IN3¥3dd3y

9950°
6950°
S9£0°
G9£0°
G950°
5950°
G950°
G950°
S950°
G950°
2950°
€9£0°
£950°
*ds1a

LL*hé 926°¢
L9°96 9¢G6°¢
6C°L6 9¢G°¢
9168 126°¢
he°l6 126°¢
G0°t6 926°¢
Ln*59¢ 92G8°¢
58°88 9¢5°¢
1eg*9¢ 9¢6°¢
99°t6 9¢s°¢
hg°*.l8 126°¢
65°¢C6 9¢5°2
0Z°né6 9262
v13HIL Y

0°Zh8L ALIDJOT3A
091°Z °ON RHOVA
£0006 91dNOD

59:0°
S9E0°
hoe0*
G9g0°
G9g0°
GQEO*
h9e0°
hoe0*
h9r0°
*dS1Ia

h9*89C Lnn°e
08°S6 FRIL A4
1G°66 Llanc¢
cL*9GZ 9nwh=¢
9L°99Z2 Ghhw°¢
Gh°G9¢ 0sh°¢
ZS°h9Z Bhh°C
06°59C 6hh°¢
19°¢£9¢ 6nh°¢
Vi3HL d

8°ZhSlL ALIJOT3A
009°l °ON HIVA
€0006 9T4dNOD

8°G82 hE
6°68¢L £e
B°G8L (47
0°98L L&
1°982 D¢
1°G8. 6¢
6°68L B<Z
B*G8L L2
6°48L 92
L°G8L G¢
0°98L he
6°G8L. £¢
1°S8L x4
0 INTOd
¢9-hnZ-60

14

NTY

£S1 1MdN LV 8éf 1S3L ©

2°68L gl
0°68L 21
6°881 Gl
6°882 hi
h*88L el
6°681L ¢l
g°68.L Lt
17681 ot
1°681 6
0 INIOd
29-vZ-60

1S1 IMdN 1V B84¢%

Z

NTY
1531

/M

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

gho*
¢60°
le1°
LA Wt
680°
in0°
-¢00°
-2L0°
~-1£0°
~G00°
ALV
Vi)

ce0”*
otL*
060°
Leo*
-0h0°*
-tno°
-5¢é0°*
0g0°
VWD

-nge
-gle”*
-60¢°
-6he
-99¢°
-9g&°
-8l °
GZtL*
-£62°
-591°
~hGg*
BWD

*4°930
13°0S
*1d

-90¢°
=10.°
-345°
-881°
hho*
hGL®
898°
-16¢°
WD

*4°930
*14°0S
*1d

YA}
Lée*
90L°

séi
Lég*
90L°

00¢0° 00°0sl 00C°
G910° so°*9nl -0C°
2LL0° 00°ont -00°
6ELD® s0°¢nt -00°
891L3° 00°9nl -00°
co0co* go°ost o0¢*°
Ggco”* 00°xGl 00°
hic0* 50°29L 00°
hG20* 00°861L 00C°
L220° 0G*hSL  0C°
¢0co* go*osl 00C°
p. VHd TV vi38
3dN1VvY3dW3l Tvi10L
LELEERIENEEED.
HLION3Y 3ONJY¥343Y
16¢0° 00°0stL 00°
l9to* 00°nnt -00°
h610° S0°9hl -00°
4520° G0°06L 00°
s0£0° 50°9SL 00°
6620° §0°4S81 00°
B6cCO*® So0°hSL 00°
9620° §0°o6sl  00°
A VHdV vi3g
YNLvY3dW3l Tv10L
V3dv 3ONIYII 3N
H19N3T JONIEIJIY

6660° 12°86 LEA R4
G6¢0° ge*9olt €£<6°¢
G6¢0° LZ*8ll £2G°¢
SGE0° £6°18 hes*¢
GGe0*° ¢6°Lll  nes*é
05¢0° 09°S1l  #wes*¢
LGEOQ* L6°96 €26°¢
LSRN gg*ole  6¢s°¢
nGeo* LZ2°h0l  hes°t¢
hGEQ® L0°601 €£26°¢
hGe0* 06°90l 82¢°¢C
*dS1d V13HL o
0°Zh8L ALIJOTI3A
09t°C <“ON HOVA
w0006 914NOD
09¢0°* B9°C8 gGh°¢
09g0° LG5°00Ll ¢Zsh°¢c
09e0° Lh°58 ¢shee
65¢0° g6°hel  2G6h°¢
65¢0° 0h°6lC <¢Gh°C
65£0° 98°162 <ZSh°¢
65¢0° GL°99Z2 16n°¢
65£0° Ge°stt  tgn°e
*dsS1d Vi3HL Y
g*ZhSl ALID073A
009°L “ON HIVA
%0006 9I4NOD

1°598L 8%
6082 le
0°682 9¢
1°682 G
¢°S81 he
1684 £e
6°n8l 43
$°G63. 1
£°681 0¢
6°n8l 6¢
£°98.L 8¢
0 IN10d
29-G62-63

13

1S1 IMdN 1V Bb:

6°06¢ G¢
8°061 he
1°061 14
G061 ¢
9°06L (4
G*06L 0¢
G061 61
2061 Bl

V] INI10Dd

29-52-60C

13

NTY
1531

NI

1SL IMdY LV 86% 1S3l

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

Leee
19N
6ne*
902°
clLi”
A
R
SG60°
-6¢0°
910°
S60°
4
VWD

360°
LL°
L VA
oLes
hot*
gO0L*
6Lo*®
610°
-9¢0°*
-220°
z10°
€10°
860°
YWD

-80.°
-80¢c°1
-168°
-806°
-9h6°
-1G1°1
~669°
-69n°
90¢g°
-08¢°
23
-£09°
DWD

*4°93Q0 &2l
®14°0S té6g”
*1d 90L°

-16¢°
-9hSG*
-861°1
-h60°1
-861°1
-£60°
InG g
126°¢
98G°1
9L °¢
996°¢
Bho6°e
-58¢°
OW)

*4°930 <2t
*14°0S l1é¢e*
*1d 907L°

Si1to° 00°0st 00°
L600° g0°9nl -00°
B600° so°gel -00°
8600° 0o°Zhl -00°
9600° 00°9xl -00°
9600° go0°9nl -00°
Lito° 00°0SstL  00°
LSILD° s0°hSl  00°
8020° 00°*c9lL 00°
BLLO® co*sst 00°
LS10° 00°nSl  00°
QLL0" 0o°ost  00°
A VHd 1V vi3g

JYNEvi3dWIt Tvi0olL
v3dv 3ON3I¥3IJ43Y

L°982 he
6°68L £e
B°GBL 49
0°982 le
0°981 0¢
1°681 6¢
0°982 8¢
£°98L ) 4
0°981 9l
c°98L x4
1°682 he
9°68L 14
J IN10d
29-6¢-60 h Ny

IS1 IMdN 1V 36¢% 1S3l

HION37T 3ION3d¥343Y

L1sto° s0°0SL 00°
eLe0” 00°*9nt -00°
2oto* S0°9hl -00°
6110° oo0°*nnl -00°
gLLo* 00°9nt -00°
SGt0° G0°0G61 00°
g2eo0° S0°hGL 00°
gcco° 00°*wSt 00°
9wZ0* 00°851L 00°
Bgc0°® 00°9SL 00°
9L20* 0o*hGtL  00°
L120° oo°xwst  00°
£St0° go°0st  00°
b VHd 1V vi3g

3dNivd3dW3al TV10L
v3Yyv 3ION3¥3I43Y
H19N3T 3IN3Y¥3d43Y

£5e0° 60°e8 126°¢
GSFO° G9°¢9l 926°¢
GGEOQ® cL°Sll 9c¢s5°¢
hGeo* 182l 125°¢
SGe0° 8z "991l 12G6°¢
GGe0° oL*h9l 9¢S5°¢
£GE0° 65°96 12673
£G6e0° hh°go6 12G6°¢
£Ge0° lg*gse 126°¢
g5e0° L0°28 lest?
£G¢0° lg°90l  Hwes*¢
cGe0° he*e0l  G626°¢
*dSIa V1341 Y
0°ZnBl ALIJOT3A
09L°*Z °ON HOVA
50006 914NO0D
LA 09°96 oGh*°¢
95¢0° 00°ZLL O0Gh*Z
15¢0° Z8°8Sl hGh°<
S6¢0° 09°021 gGn°¢
GGf0° 20°LG1l gGh°¢
hSE0*® 66891 hGh°¢
nsz0° LL*h9Z SGh°¢
hGED*® 62°6G6Z hGh*¢e
hGE0° 62°692 <2Sn°¢
hSgl” 62°69¢ LGgn°¢
h5e0° #.°892 0Gh°¢
LA 06°89Z O0Gh°<C
£6¢0° B9°cZt <chnh*¢
*dS1a Vi3Hl o
g8°ZhSL ALIDJ013A
009°1L °ON HOVW
50006 SI4NOD

0°064 02
1°06L 6l
1164 B
6°061 t
0°162 Gl
Rel6L fl
S*l6d ¢l
hel6l A
9°06L Lt
€061 ot
0°062 6
L°062 8
5°1812 L
2 IN10Od
29-52-60 h NNd

1S1 iIMdN 1v 86fF 1S3l

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

-90¢*
%gz*
€8T
c62°
6s2°

-010°

-20€°

-6£8°

-9¢0°1

-0£6°

-clg*

-heg®

~6%0°1

-s1z°t

-116°

-£69°

-90¢°
VWO

00s*
68n*
hhe*
-180°
~-hee*
~ZhS*
~L9n°1
~26¢e°1
~heo*
~09n°*
-82¢°
VWO

-869° cheo*
-6G6°1 ohnto*
-160°¢ onto*
-90¢°¢ 6£10°
-98L°¢ onto°
=-299°1 6e10°
~G69° gneo*
-568° L620°
-g9£°¢ 1620°
~-6L1° 1620°
-£00°1 SneZo*
-96L1° 0620°
-0he°¢ 0620°
=lge°l 06¢0°
-£90°1 0620°
-hei*t Lg¢0°
-598° chio*
OW? A

*4°930 621
*1d4°3S log”

14 90.°
-608°¢ 0910°
-gnl°¢ 0910°
-g0h°¢ 0sto*
-618° h610°
e T hG2o0°
~Gnh6* 6620°

L{V ] cLe0’

S6e°h 9020°

heo* S0e0°
~-661° YA
-816° L { T AN

OWD p |
°4°930 &2l
*13°DS lé6g”

*14 902L°

~-00°8
-00°8l
-00°91l
-00°nl
-G6°1lL
-00°01L
-G6°L
00°¢
00°
-00°h
=G6°2
S0°¢
00°
-00°¢
-G6°¢
-G6°S
-00°8
VH4 1V

-00°91
-00°nl
-00°21
-G6°6
-G6°2
00°¢
00°
-00°¢
-00°h
-00°9
-00°8
VHdV

00"

00°
00°
00°
00°
00°
00°
00°
00°
00°

vi3gd

JuNLvIIdN3l TviolL
v3¥v JONIY3I43d
HI9N3IT 3DON3Y3I43N

-00°
-00°
-00°
-00*°
00-°
00°
00°
00°*
09Q°*
00°
00°

vi3g

3dN1vEIdW3l Tvi0l
v3dv 3ION3I¥343¥
H19N3 3ON393d43d

AT A% £E0°S6 18g°¢
56£0° go°nll  68BEg°E
SGEO0° lZ°nll 06f°f
GGe0° 06°g2l 68L°¢
hseQ® LLeLdr 0é6g°¢
hGEOD® ZLené 68g°¢
9GE0° gn°86 06k°%
9G£0° gE9°h 06e°¢
hGeo* 0s°1 88L°E
9G6¢0° 8l°¢ 68f°¢
L880° 98°86 o6e°g
LGE0° gLoh 88g°¢
GG6e0° L2 18¢°¢
G5¢0° LL°e 88¢°¢
96£0° Pg*h 188 °¢F
1G£0° h6° L6 88 °¢
AT 0C°L6 88 °¢
*dS10 V13HL d
0°2hB8t ALIDO3A
091°C °ON HOVW:
11006 IT14NOD
GGE0° 10°S21l 999°¢
G5¢0° €0°SLL  L99°¢
RGeQ* L9°tlt  299°%
GGf0° 90°06 199°¢
55¢0° £F6°58 199°¢
SGEQ° 56°6 999°¢
16¢0° 90°£Sg  199°%
gse0° g0°¢se  199°¢
9Ge0* 66°6GE 199°¢
9G6e0°* Gl°G8 199°¢
GGEO* ¢0°l01 199°¢
*dS13 Vi3HL d
S°Z99L ALIDJ0T3A
008°l °ON HIOVW
L1006 9I3NOD

N8

24°¢601 8¢
c*hs0l L
9°nG0L 9c
£°hGS0!1 S¢
5*hs0l he
g°nS0lL 14
9°uS01 (x4
®°nG0lL (4
0°%G0l 0c
2°hs0l1 61
S°hs0l 8l
0°hG0l i
9°¢60l gt
8°es0l Gl
L°£501 fl
6°¢601 £l
6°¢601 ¢l

yj IN1Od
29-G2-60 S
LS1 IMdN 1V 36f¢ 1S3l
gee8ll £h
hengll ch
hengll Lh
¢ h8ll 6¢
c¢ohBlt 8¢
o°nglt 2
heh8ll 9%
c°hglt ¢
g°hBitl he
Z°ngll 123
hengll A%

0 INIOd
29-6¢-60 S

N1

1S1 1MdN 1V B6¢ 1S3l

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

-910°
2z0-°
5G0°
heo*

-110°

-h0Ll*

-n0L"

-010°

-£81°

-thg*

~-509°

-96¢°

et 3 N
VWD

ont*
ooL*
01°
110°
220’
-9onl*
-c19°
-9G8°
-6G8°
-866°
-h96°
-168°
-£26°
-9Z21°
VW)

p—

-Z8n°l
-G99°¢
-Lu6°¢
-Gl10°¢
-68h1°1
-922°1\
gLg*
cLl®
lle*®
h90°
-9LZ°
-9£6°
-126°
OWd
*4°930

13°0S
*1d

-80tL°¢
-290°¢
-hhe |
=199°1
-609°1
-2¢09°1L
Lthe*
-8gg”°
9SG *
-fhe° e
-20¢°¢
B6C*
A &
-8ge°l
OWJ

0s1
L6e*
Q0L°

°*4°930 05l

°13°0S

L6g*

*id 90L"

gnto*® -00°81 -00°
ghio* -G6°sl -00°
g8hio* -00°nt -00°
ghito* -S6°tL  -00°
8hlo* -66°6 -00°
gnto* -00°8 00*
6610° 00t o0*
6610° 50°¢ 00°
6610° Go°* 00°
6610°* -00°¢ 00°
8610° -00°h 00°
L6Ld* -S6°5G 00°
0s10°* -00°8 00°
A VHd 1V vi3

3¥N1VY3dW3L V101

g

v3dy 3ION3I¥3Id3d
HI9N37T 3IIN3d¥3d 3N
g9Lo* -00°8t -00°
£€9L10°* -00°2L -00°
£910° =00°nt -00°
¢910°* ~00°2t -00°
gLLo® =000t -00°
6910° -S6°L 00*
6810° SO0°h 00°
6810° 00°¢ 00°
6810° 00°¢ 00°*
in20° 00° 00°
LhZ0°* =-00°¢ 00°
Iheo0°* -00°h 00°
£€G20° -00°9 00°
®9L0°® -G6°L 00°
A VHd 1V vi3g

JdNivi3ddiWil Tv1OolL
v3Yv 3IN3¥343Y
HI9N3T 3ON3¥3d43Y

hGEO0° SL*991L 69.L°¢
hse0° h9°291L 99.1°C
hGeO0* h6°651  G9L°C
hGe0* 08°991L 69L°¢C
hGe0* Gh°991l G9l°¢
hGe0* L A helc¢e
nseo® 19°1G68 G991°¢C
1Ge0°* 9L°36¢ G9Ll°¢C
hGeO0*® G6G*65e 99L°¢
LT G6°65E G9Ll°¢
L334 el 19L°2
hGe0* h.°88 99L°¢
£Ge0° L2°56 59L°¢
*dsS1a Vi3Hl Y
9°00EZ ALIJDTI3A
0GL°Z °ON HOIVA
11006 914NOD
hGeo* 16°2Ll 806°C
L7 geElLL Olé°¢
AT hhehll 806°¢C
hSg0* cL°cit otle*¢
£6¢0° hé6°56 606°¢
LET 00°06 606°¢
£€Ge0° £0°8G6 Ll16°C
16¢0° 59° 806°¢
16¢0° tL*6se 0té6°¢
LET3 ' £9°9 806°¢
56:0° gEnc9 oL6°¢
G6E0° 9L°65¢ B806°C
G5¢0° 6L°8B6 606°¢
0S5z 0° 0L°h6 oté6°¢
*dsia Vi3HlL Y
6°L10C ALIDJD3A
00S°¢ °ON HIVA
L1006 9T4NOD

£°008 Gl

9°008 hi
£°008 A
he008 ¢l
£°008 12
¢°008 0L
n°008 69
%*008 89
9°008 L9
n°008 S9
6°008 ho
8°008 €9
£°008 c9
S INIOd

29-5¢-60 S NTY
1S1 1MdN 1V 86F 1S31

9°968 6§
£°L68 8%
8°968 1S
£°168 9S
0°L68 SS
6°968 hS
G°L68 £S
9°968 A%
$°L68 LG
9°968 0%
£°168 6h
9°968 Bh
0°.168 ln
£°L68 94
) INIOd

29-6¢-62 S N1
iS1 1Mdn 1v 86f 1S3l

B-10

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

CONSDRLLMN~

hle*
29¢”
oLL®
-162°
-626°
-heéc*
-900°
-ihe*
-88¢°
VW)

G¢6°
ogc*
-8lc*
e O S
-h8g*
-8on°
-8en’®
-902°
VAD

-166°1
-265°¢
-6G8°1
L VA
1Gh°
-16C°1
-Gll°¢
-1£0°1
-26¢°
OWD

*4°930 <S¢l
*14°0S lég”
14 902°

-£19°¢
-26L°1
-528°
-£01°1
-£0¢°¢
-¢99°1
-tn0*e
-8gl”
DWD

*4°930 G2l
°14°3S L6g°
14 902°

58
ha
98

to* -=00°8l
to* =00°91
1o° -G6°tl

¢s¢0°  -G6°1
1g2o° 00°¢
Lgco” S0°

th

to* -56°1

Lg20° -00°h
0820° -00°8

h

VHd1V

-00°

-00°

-00°
00°
00-°
00°
00°
00°
oo*
vi3d

349N1VvY3IdW3l V101
v3dv 3IN3¥3I43d
HLI9N3T 3IN3YI4=

£920° -56°Sl
Z920° -00°2l
2920° -S6°2
€820° -00°Z
£820°  00°Z
£820°  S0°

6£€0°  -00°H
8520° -00°8

A

VHd TV

-00°

-00°
00°
00°
00°
00°
00~
0o0°
vi3g

JYNivd3ddiil V10l
v3idv 3IONIYI43Y
H1IN3T 3ON3¥343Y

16¢0° hh°Gll GB8f°E
15¢0° S6°¢ll lBE°¢
1G6€0° BL°02l 98f°¢
9s¢£0° 89°88 I8¢ °¢
95¢0° gL°8se IBE°f
9G£0° 4 A 8BE°¢
SGE0° i6°18 68 °¢
SGE0° £6°¢8 gBe° ¢
55¢€0° GL°96 18¢°¢
*dS1Ia Vi3HL R
0°ZhB8l ALIDOT3A
091°Z °ON HIOVA
01006 914NOD
8Gg0° Zo9thil GL9°¢
L580° L6°gll  hl9°¢
SG0° Gg°hg gL9°¢
§6g0° he*l hi9°g
9G£0° h9°0¢ hl9°¢e
GGe0° L8°gl 2l9°¢
S6E0° hl°Eb Gl9°¢
55¢0° hl*18 £l9°¢
*dsS1da Vi3H1 d

G*2991 ALIJD3A
008°t “ON HIVA

01006

914NOD

6°2S01 L%
5°eG501L £9
hegGOL A’
5*es0lL 19
L°€6501 09
6°£501 6S
L°hG0l1 8S
0°hG0lL 16
9°¢G0l 9S
V) INIOd
29-G2-60

9

N1Y

IS1 iMdN LV 86f 1S3

6°981L1L £5
9°98l1l ¢S
ge98ll 1S
9°9811 0S
9°9811 6h
6°G8lL1L 8h
179811 lh
£°9811 on

V) INIO3d

29-5¢-60

9

NTY

[S1 1MdN LV g6¢ 1S31

B-11

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

C

G¢0*
801 °*
got*
£0L°
680°
teee
6%0°
-010°
-niz*
-61l¢°
24 3
-toL*
A U
-Ong*
-£0¢°
-91e°
VAD

-hZl*t
-50g°1
-1£8°1
-i89°1
-158°1
-901°¢
-h8c°1
~-0h3°1
-61L°
4 % 3
-9LG*
-Zee°
=266°1
=-L1e*
-9¢c*
-1g6°
OWd
*4°930

*14°0S
*1d

6910°
6910°
6910°
6910°
6910°
L210°
clLio*
GS1L0°
B610°
®weeo s
G2eo*
g9to*
hoto”
62e0°
0220°
g6lo°
A

=-G6°L1L
-G6°LlL
-G6°L1
-G6°Sl
=00°91
-00°ni
-00°2t
-00°01
-56°L
S0°h
S0°¢
S50°
-00°¢
-00°%
-00°9
-00°8
VHd v

00"
00°
00"
vi3g

ost JuNivi3ddwal V10l
V3YVv 3ON3Y¥3II3H
90L" HION3T 3ONIY¥3IdIN

Lég*

GG¢0°
hsg0*®
RSz 0°
hGe0*®
heeo*
£6£0°
£6g0°
SGEOD*
GSg0°
G6r0°
5Ge0°
GGE0*
GGe0°*
GGE0°
GGE0°
hGeg0”
*dS14

19°2.t 2L6°¢
teenlt ni6°¢
Z6°tLl clot¢
lgccLl 0ols*¢
HLtLt cled
G8°G91 0l6°¢
hl*C6 oLe¢
62° 16 ZLe6ce
0L°h6 oL6°2¢
09°L6 806°¢c
i 96 titse¢
L N6 t16°¢
clL°98 N R4
qh°Go6 116°¢
he*hol  0l6°¢
ok°06 ti6°¢
vi3Hi <!

61102 ALIJO3A
00S°Z °ON HOVA
01006 914NDD

0°868
$°868
8°168
h*l68
0°868
h*L68
h*Ll68
8°168
£°L68
8°968
G*l68
9°168
9°L68
6168
h°l68
1°168
i

£cC
fx4
1e
0¢
6l
8l
lt
A
St
LA
el
\
it
ot
6

8

INIOd

¢9-592-69 b N

1Sl

IMdn 1v 36F 1S3l

B-12

SID 63-96




SPACE and INFORMATION SYSTEMS DIVISION

NORTH AMERICAN AVIATION, INC.

600°
600°
220°
Sto-*
-110°
-S10°
~qi0*
-Z10°
-hl0°*
-890°
-681°
-Zge”’
-¢cée”
-2It®
A
~-10¢°
-9¢c*
-98L°
VW]

-1hg*2
-066°
-618°1
-£89°
-ghG° L
-¢£10°t
-698°1
-89¢°1
-tel*|
-ttnct
-9¢1°1
-88n*
-589°
-inee
-£68°
-0¢t*
-686G°
-Z61°1
OWJ

*4°930 06l
*14°0S Lé6¢g”°
14 90L°

ozZto*
tzto°
CAN X'
9QLLo°
6210°
6210°
L210°
L210°
AT
A 1 N0
BL10°
6610°
98Lo°
hlto*
LIRS
©020°
6810°
110"
A

-56°L1
-G46° L1
-00°9l
-56°S1
-00°ht
-00°fl
-S6°1llL
-G6°11L
-56%6
-G6°6
-00°8
00°t
s0°¢
50°
-00°2
-00°h
-00°9
-00°8
VHd4 1V

00°
00°
00°*
00°
00°
00°*
00°
vi3g

3YNLVY3IdW3l VIOl
v3IY¥Vv 3ON3IY3I43Y
H19N37 3DON3¥3d43¥

£5e0° 0L°06 59.L°¢
£5e0° 66°96 s9L°2
£620° | AN S9L°¢
£620° 60°hG 99.°¢
hGE0°* h9°Z8 99L1°¢
hGEOQ® 11°88 S9.L°¢C
hGz0° Ln°08 G9L°¢
hGe0* 99°18 £9L°¢
RSe0° L0°¢8 5921°¢
hGe0° 9L°96 S9L°¢
G5E0° 6n°lé hoL®e
5Ge0° LL°2é6 holL=?
5Gg0° L6°06 59L°2
GGe0° oh°86 59.1°¢
GSE0° hnceé holLC
GGe0° 06°Gé6 s9L°¢
hSEOQ® L9°16 holL°C
hSEO* £G°68 G9L°2
*dS1a Vi3HL Y
9°0012Z ALIDJ03A
0Gl°Z °ON HOVAW
0L006 913NJD

$°008 ¢h
5°008 A
£°008 th
9°008 Oh
9°008 6%
5°008 8E
h*008 lg
6°661 9¢
h*008 S¢
7*008 he
¢°008 Fe
¢°008 (4
®°008 le
h°008 0¢
0°008 6
®*008 BC
¢°008 lZ
7°008 9c
9 INIOd
29-62-60

9

N

1S1 1MdN Lv 86& 1S3

‘

B-13

SID 63-96



